Razi, Phytopathology 4 productive citrus groves is challenging. Good sources of genetic resistance to HLB in the genus 76
Citrus or its relatives have not been identified (4,27). Current attempts to manage HLB, practiced 77 in most of the citrus growing regions of the world, involve continuous prevention of introduction 78 on new plants by use of pathogen-free planting materials, monitoring of vectors, suppression of 79 psyllid populations by application of systemic and contact insecticides in the groves, and timely 80 removal of infected trees (26) . 81
Epidemiological models of HLB spread were developed based on symptoms and 82 assumed a linear relationship between infection and symptom expression because the actual 83 timing of HLB infection cannot be determined (21, 26) . Under greenhouse conditions the 84 incubation period from grafting to development of HLB symptoms is 3-12 months (46). 85
However, for large trees in a field situation, the incubation period may be much longer, up to five 86 or more years (47,52). The latent period for HLB, the interval between when a plant is infected 87 by a psyllid and the time when that plant can serve as a source of spread by other psyllids, can 88
vary. 89
The recent rapid spread of HLB in Brazil and Florida (18, 28, 54) and its impact on these 90 two major citrus industries in a short span of time has led to increased concern amongst growers, 91 regulators and researchers. An analysis of the situation in Pakistan may be useful in 92 understanding the dynamics of citrus HLB in a situation where citrus, the psyllid vector and the 93 pathogen may have coexisted for more than a century. In Pakistan, the disease does not appear to 94 be as severe as reported from southern Florida or the HLB affected area of São Paulo State, 95
Brazil. The long term effects of HLB on the citrus industry in Pakistan seem to be different 96 compared to regions in the western hemisphere where HLB has been introduced recently. A 97 detailed study of the pathosystem from Pakistan would also be of special interest to the United 98 Razi, Phytopathology 6 minimum orchard to orchard distance of 5 kilometers were chosen for the study. Five trees were 122 selected in each orchard in a diagonal pattern with a tree to tree distance of about 50 meters. Five 123 yellow sticky traps (10×15 cm) were placed on each tree for monitoring the insect populations 124 (30,32). The yellow sticky traps were hung at 1.5 to 2 meter heights directly on the canopy of 125 each tree; one trap was placed in each cardinal quadrant and the fifth was positioned in the center 126 of the tree. The yellow sticky traps were replaced weekly, and the number of psyllid adults in 127 each trap was recorded. The data collected for 45 weeks was analyzed using SPSS version 19.0 128 (IBM). The tehsils, orchards, tree quadrants including the center of the tree served as split plots, 129 complete blocks, and treatments respectively. was used for insect DNA extraction according to the manufacturer's protocol, with some 150 modifications. Briefly, the psyllids were air-dried for 10 min, transferred to a 1 ml 96 deep-well, 151 round bottom microplate with each well containing 10 zirconium beads of 2.5 mm diameter. 152
After adding RLT ® (Qiagen) extraction buffer (300 µl/well), the plate was covered using 153 capcluster mat (USA Scientific) and homogenized twice for three minutes using a Mini 154 beadbeater (Biospec). The microplate was then processed using the MagAttract ® protocol as 155 suggested by the manufacturer. The final DNA eluates (100 µl each) were transferred to a new 156 96 well round bottom microplate which was sealed, labeled, and stored at -20 o C until further use. 157
To calculate the exact percentage of Las positive psyllids from different regions and collected at 158 different time periods, an additional 1357 psyllids were also tested individually (one psyllid per 159 extraction) using the method described above. 160
Plant DNA extraction. About 0.5 gram of leaf petiole tissue was extracted using CTAB (cetyl 161 trimethyl ammonium bromide) in a laboratory located in Pakistan as previously described (23). 162
Briefly, finely chopped petiole tissue was pulverized in liquid nitrogen using a mortar and pestle 163 and added to 5 ml of hot ( Ct values < 27 for the 16S region) were used to amplify a 1.17 Kb region using 16S rDNA 183 primers, OI1 and OI2c (40). The qPCR positive plant samples were also used for PCR 184 amplification of six other Las genomic regions and the PCR products were cloned in pCR-4 185 TOPO® (Life Technologies). The clones were subjected to Sanger sequencing using vector-186 based primers. The genomic regions targeted were: partial ABC transporter gene with a part of 187 intergenic region, fumarate hydrase, FLP/FAP pilin component with intergenic region upstream 188 of this gene, prophage antirepressor region along with part of a gene coding for a hypothetical 189 protein, phage DNA polymerase, and ribonucleotide diphosphate reductase subunit beta. in April (n = 695), 13% in May (n = 496) and 0% in June, July and November (n = 113) ( Table  293 3). 294
Detection of Las in Citrus. Las was detected in 52 plants (n=207) from all areas studied 295 ( Figure 5 ). However, more positives were detected in summer (32%; n=110) than spring (18%; 296 n=97). All four citrus varieties tested, including the two commercial varieties, 'Mosambi' and 297 'Kinnow' were found to carry Las. We obtained Ct values as low as 23 (for 16S region of Las in 298 qPCR analysis) from positive plants sampled in June-August when very few Las-positive psyllids 299 were found. This result indicates that during months that are not optimal for detection of Las from 300 the psyllid, the bacterium is detectable from the leaf tissue. 301
When psyllids are used for testing, March-May (spring) may be the best times to detect 302 HLB associated Las. During the hot summer months of June-July, immediately after the 303 beginning of the monsoon rains, or during the psyllid population peak in autumn, psyllids were 304 the populations decline, the psyllid survives (Figure 3) . In the present study, the psyllid testing 380 analysis indicated that, during relatively hot periods, the HLB-associated bacterium was not 381 detectable in D. citri (Table 1) The psyllid population dynamics varies in different climatic situations. In our study we 437 collected psyllids from four regions -Sillanwali, Sargodha, Bhalwal and Kotmomen and 438 observed certain variations in psyllid population peaks. It appears that a population peak during 439 April (spring) is a common occurrence in Pakistan. During April, there was a population peak in 440 three of the four regions (not in Kot Momen orchard). Since this was not a controlled study, 441 efforts were not made to instruct the local citrus growers to follow any specific psyllid control 442 procedures. We were interested in assessing the current disease status in Pakistan and obtaining 443 information that would lead to a better understanding of the HLB situation. 444
The local psyllid population dynamics will vary depending on many factors, including 445 documented. At these locations, psyllids were collected during summer months when positive 462 psyllids are known to be in low numbers (Table 1) . Pathogen detection was higher in psyllid 463 samples collected during March-May (spring) during two successive years (Table 1) 
